An adjustable length tracheostomy tube, Bivona TM , which assumes a curve on insertion, has a tendency to straighten itself in situ. The straightening force, measured electronically, was maximal (0.21 Newton) when a tube was bent 90 degrees. We observed particular clinical disadvantages of these tubes-that of tracheal ulceration (1 case), distortion of soft tracheal graft tissue (1 case) and airway obstruction when the tip embedded into the tracheal wall (1 case).
Most tracheostomy tubes have a pre-formed curve that enables them to lie within the tracheal lumen without impinging significantly on the tracheal mucosa. However, the location of the curve limits the depth of insertion into the trachea. In contrast, one type of tracheostomy tube, Bivona TM (Bivona Medical Technologies, Gary, In, U.s.A.), may be inserted to a variable depth-it has an adjustable neck flange thus enabling varying depth of insertion into the trachea and does not have a pre-formed curve. Although straight, it is described as 'extremely' flexible and is intended to assume the curve of entry from the skin into the trachea. These tubes are touted as 'instantly customizable'. Patency of the lumen is maintained with wire reinforcement of the silicone shaft but which also confers a self-straightening property. We observed complications associated with the use of these tubes in three patients and investigated the self-straightening force that may be exerted on a tracheal wall.
CAse RePORTs
The analyses of the following case reports were approved by the chair of the hospital ethics committee as quality assurance exercises and conducted under statutory immunity such that independent approval was not required.
Case 1
A four-year-old girl was tracheostomized with a size 4.5 mm Portex tube to facilitate administration of continuous positive airway pressure, mechanical ventilation and oxygen therapy to treat hypoxaemia associated with complex congenital heart disease and bronchomalacia. A size 5 mm ID length-adjustable uncuffed Bivona tracheostomy tube was substituted for long-term use. After an interval of four months, she presented with a sudden onset of severe wheezing which was (erroneously) assumed to be due to asthma and was treated with nebulized salbutamol, oral steroids and mechanical ventilation. Although wheezing was clinically prominent, air entry to the lungs was satisfactory. Wheezing was absent after five days and she was discharged home only to be re-admitted two days later with an exacerbation which resolved within hours. A recurrence of severe wheezing at home prompted a parent to withdraw the tube approximately 5 mm. Wheezing abated. On endoscopy through the tube, an ulcer was present at the level of the distal tip of the tube. The tube was inserted a further 10 mm so that its tip was 0.5 cm proximal to the carina. endoscopy re-performed one week later revealed that the ulcer had healed. The tube was replaced with a size 5 Portex tracheostomy tube. Repeat endoscopy after one month showed neither granuloma nor ulceration. ' Asthma' has not recurred. J. Tibballs, C. RobeRTson, R. Wall Anaesthesia and Intensive Care, Vol. 34, No. 4, August 2006 Case 2 A 20-year-old man with Morquio syndrome (Type IV mucopolysaccharidosis) had had a tracheostomy only possible via the cricothyroid membrane to bypass obstruction at the laryngeal inlet caused by infiltration of glycosaminoglycan. He developed sudden airway obstruction at home and needed cardiopulmonary resuscitation by family members and ambulance officers. endoscopy revealed granulomatous tissue obstructing the trachea distal to the tip of the Portex tracheostomy tube. A Bivona 5.5 mm ID length adjustable tracheostomy tube was inserted to a sufficient length to provide a clear airway. However, after 12 hours airway obstructive signs recurred. On repeat endoscopy, the tip of the tracheostomy tube was embedded into the posterior tracheal wall. Relief was obtained with a custom-made Portex special tracheostomy tube (Hythe, Kent, england) with length 3 cm longer than standard.
Case 3
A 17-month-old child presented with severe airway obstruction due to long segment tracheal stenosis (2 mm diameter for five complete rings) associated with a left pulmonary artery sling. The sling was repaired and a slide tracheoplasty was performed. An endotracheal tube was left in situ across the repair to the carina.
The tracheoplasty dehisced after nine days and was replaced by aortic homograft over a length of 2.5 cm and diameter of 12 mm extending to the carina. The graft was splinted internally by a standard endotracheal tube (eTT) with its tip positioned at the carina.
Recurrent difficulties maintaining the eTT precisely at the carina necessitated a tracheostomy using a 4.5 mm ID length adjustable Bivona tube. However, endoscopy demonstrated that this tube impinged on the posterior tracheal wall distorting the soft graft tissue, presumably by its tendency to assume its normal straight configuration. This was replaced by a makeshift custom length and shaped tracheostomy tube with a preformed angle constructed by inserting a Portex eTT (ID 4.5 mm, OD 6.2 mm) into a Portex tracheostomy tube (OD 8.3 mm, ID 6.0 mm).
subsequently, a Y-shaped silastic Tracheobronxane Dumon TM stent (novatech, France) was deployed and then replaced by a Palmaz TM stent (Cordis europa n.V., The netherlands) in the right bronchus and a Polyflex TM 40×12 mm stent (Rüsch, Germany) in the lower trachea.
eXPeRIMenTAl sTUDY
One of the two authors (RW) investigated the straightening force exerted by the tracheostomy tube removed from a patient (Case 1) and the force exerted by a new tube.
An experimental method was developed to measure the force applied to a surface by a bent tracheostomy tube. The method was designed to simulate the force on the interior surface of trachea when the patient is lying supine. The distance between the flange and the distal end of the tracheostomy tube was set to 6 cm (the same length as that of the tube removed from a patient).
The tube was held vertical at the flange in a clamped position over the top surface of an electronic balance (Precisa Instruments, switzerland, model 6000D) with a weighing range of 0-6200g, readability 0.1g, reproducibility 0.05g and linearity 0.1 mg. After stabilizing, the balance was zeroed and the clamp lowered so that the distal end of the tube touched the centre of the top surface of the balance so as to form a number of different angles with the balance surface. The angles selected were 50 degrees, 40 degrees, 30 degrees, 20 degrees, 10 degrees, 0 degrees (i.e. parallel to the top surface of the balance, bending the tube 90 degrees) and were checked against precut card templates. Five measurements of force were made at each angle and the results averaged (Table  1) . The balance was read after one minute for each reading at each angle. In the zero degree position the force was measured with 3 cm of the tube in contact with the top surface of the balance and also with 2 cm of the tube in contact with the balance. The temperature of the room varied in the range 21.4 to 24.6 °C during the measurements. 
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